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Abstract
Sufficient conditions for strict stationarity of ARCH() are established, without
imposing covariance stationarity and for any specification of the conditional
second moment coefficients. GARCH(p,q) as well as the case of
hyperbolically decaying coefficients are included, such as the autoregressive
coefficients of ARFIMA(p,d,q), once the non-negativity constraints are
imposed. Second, we show the necessary and sufficient conditions for
covariance stationarity of ARCH(), both for the levels and the squares.
These prove to be much stronger than the strict stationarity conditions. The
covariance stationarity condition for the levels rules out long memory in the
squares.
Keywords: ARCH(); GARCH(p,q); nonlinear moving average
representation; strict and weak stationarity; memory.
JEL No.: C22
© by Paoloa Zaffaroni. All rights reserved. Short sections of text, not to
exceed two paragraphs, may be quoted without explicit permission provided
that full credit, including © notice, is given to the source.
 W?|hL_U|L?
W?|hL_Ui_ M) |i ti4?@* Lh! Lu ,?}*i EbH2c +O hiThiti?| | ?L
_LM| |i 4Lt| TLT*@h U*@tt Lu ?L?*?i@h |4i tihit 4L_i*tc ? T@h|U*@h
|@?!t |L |i B+OERc ^ _ii*LT4i?| EL**iht*i bHS _i?i_ M)
"| ' 5|j|c E
j
2
| ' / n k"
2
|3 n n k^"
2
|3^ n qj
2
|3 n n qRj
2
|3Rc @rc E2
ihi / : fc q  fc k : f E ' c c Rc  ' c c ^ uLh ?|i}iht R  fc ^ : f
@?_ @t 4i@?t @*4Lt| thi*) Ai 4?44 UL?_|L?tc U i @tt4i
ihi@u|ihc 4TLti_ L? |i hitU@*i_ ??L@|L? 5| @hi _?ittc |@| m5|m	4
@t @?_ |@| |i 52| @hi ?L| _i}i?ih@|i `i? R ' f L?i }i|t |i +OE^
OLiihc uLh *L?} |4ic |i ThLM@M*t|U ThLTih|it Lu +OER @?_
B+OERc ^ @?_ Lu |i hi*@|i_ t|@|t|U@* ?uihi?Ui 4i|L_t hi4@?i_ ?
!?L? Ai L?*) i UiT|L? t i`tt EbHS L it|@M*ti_ |i @t)4T|L|U
ThLTih|it Lu |i B@tt@? Tti_L 4@ 44 *!i*LL_ it|4@|Lh Ew,
@?_ Lu |i *i@t| t^@hit it|4@|Lh uLh +OER OLiih tiihi hit|hU|L?t
ihi 4TLti_c ? T@h|U*@h @ ML?_i_ uLh| 4L4i?| Lu |i "| @t hi^hi_
At t ML| |iLhi|U@**) ?_*) hit|hU|i Ei} uLh +OE | 4T*it
|@| k Mi t4@**ih |@? *
s
 @t i** @t ? UL?|h@t| | i4ThU@* ?_?}t
t}}it|?} ?ML?_i_ !h|Ltt Lu @tti| hi|h?t< _t|hM|L? Etii i} wLhi|@?
@?_ **Tt Ebbe
Ai Mhi@!|hL} _ii*LT4i?| @t 4@_i M) i*tL? Ebbf L it|@M
*ti_ ?iUitt@h) @?_ tUi?| UL?_|L?t L? |i B+O ULiUi?|t @?_ L?
|i hitU@*i_ ??L@|L? uLh t|hU| t|@|L?@h|) @?_ ih}L_U|) Lu B+OEc 
@**L?} uLh ?ML?_i_ tiUL?_ 4L4i?| Lu |i "|c ?U*_?} |i WB+OEc 
U@ti W? T@h|U*@h i?
.d,?Eq n k5
2
| o 	 fc E
|i? j2| t t|hU|*) t|@|L?@h) @?_ ih}L_U Ai t|hi?}| Lu E t |@| ?Lihi
UL@h@?Ui t|@|L?@h|) Lu |i "| t 4T*i_ @?_c ?_ii_c | @**Lt uLh 4*_*)
i T*Lti Mi@Lhc i} k n q :  i? .E5
2
|  ' 
Ai @TTi@* Lu i*tL? Ebbf<t t|hU| t|@|L?@h|) UL?_|L? E UL?tt|t ?
|t t4T*U|)c ? T@h|U*@h @t @ Th4|i u?U|L? Lu |i B+O ULiUi?|t
@?_ Lu |i hitU@*i_ ??L@|L? _t|hM|L?

W?_ii_ w4t_@?i EbbS @?_ wii @?_ O@?ti? Ebbe UhU@**) hi*) L?
i*tL? Ebbf hit*| ? Lh_ih |L it|@M*t |i @t)4T|L|U ThLTih|it Lu |i
B@tt@? w, uLh B+O%WB+OEc |L| 4TLt?} @ ML?_i_
tiUL?_c @?_ |t uLh|c 4L4i?| UL?_|L?
5Ui?| UL?_|L?t uLh t|hU| t|@|L?@h|) Lu 4Lhi }i?ih@* B+OERc ^
ihi LM|@?i_ M) L}ihL* @?_ U@h_ Ebb2 Ai) hi*) L? |i hiThiti?|@
|L? Lu B+O @t tL*|L?t Lu 4*|@h@|i t|LU@t|U hiUhhi?Ui hi*@|L?t
@?_ }i |i itti?|@* UL?_|L? ? |ih4t Lu |i |LT w)@T?L i TL?i?| Lu
Uih|@? h@?_L4 4@|hUit Etii i^ E2 @?_ E ? L}ihL* @?_ U@h_ Ebb2
Aiti UL?_|L?t UL**@Tti |L E i? R ' ^ '  6h|ih hit*|t L? |i ThLM
@M*t|U ThLTih|it Lu B+OERc ^ @i |i? Mii? _ii*LTi_c ? T@h|U*@h
L? |i t|hL?} 4 ?} E| }iL4i|hU h@|i @?_ hi}*@h @h@|L? ThLTih|)c
4TLt?} t|@M*i t4LL|?} @tt4T|L?t L? |i _t|hM|L? Lu |i hitU@*i_
??L@|L?( tii i} #@tc !LtUc @?_ @th@! Ebbb OLiihc |iti hi
t*|t L? B+OERc ^ t}}it| |@| ? }i?ih@* t ih) _U*| |L i Thitt |i
hi^hi_ UL?_|L?t ? |ih4t Lu 4Lhi Th4|i UL?_|L?tc ? UL?|h@t| |L i*
tL?<t B+OEc  hit*| LhiLihc |i) UhU@**) hi*) L? |i 4*|@h@|i
@h!L@? t|hU|hi Lu B+OERc ^
Bh@|tc kL!Lt3!@c @?_ wiTt EbbH uL?_ tUi?| UL?_|L?t uLh t|hU|
t|@|L?@h|) Lu |i +OE4 At hiThiti?|t |i 4Lt| }i?ih@* uLh4*@|L?
Lu B+O ThLUittitc }i?ih@*3?} E2 |LG
j
2
| '  n
"[
&'
&"
2
|3&c @rc
"[
&'
& 	4c Ee
ihi   f @?_ &  f Ai +OE4 @t Mii? ?|hL_Ui_ M) +LM?tL?
Ebb Ai B+OERc ^ 4L_i* t LM|@?i_ ULLt?} i TL?i?|@**) Mi@
?} &c i} |i B+OEc  uL**Lt ti||?}  ' /*Eq @?_  ' k q3 c
@?_ |i +OER 4L_i* i?  ' / @?_  ' f uLh  : R *|L} @?
)TihML*U Mi@Lh ? |i +O ULiUi?|t  t @**Li_ uLhc Bh@|tc
kL!Lt3!@c @?_ wiTt EbbH t|hU| t|@|L?@h|) UL?_|L?
.E52| 
"[
&'
& 	 c ED
4T*it @ ML?_i_ tiUL?_ 4L4i?| Lu |i "| W?_ii_c uLh B+OEc  ED
i^@*t .Eq n k5
2
|  	 c |i i**!?L? UL@h@?Ui t|@|L?@h|) UL?_|L?
uLh |i "| EL**iht*i bHSc 4U t|hL?}ih |@? E
2
@ti_ L? @ t|@M*i ?L?*?i@h 4L?} @ih@}i hiThiti?|@|L? Lu +OE4
i ?i*) it|@M*tc |i ht| UL?|hM|L? Lu |t T@Tih t |L ThLi t|hU| t|@
|L?@h|) @?_ ih}L_U|) Lu |i +OE4 4L_i* t?} i*tL? Ebbf|)Ti
UL?_|L?tc i i Thitti_ @t Th4|i u?U|L?t Lu |i B+O ULiUi?|t
@?_ Lu |i hitU@*i_ ??L@|L? _t|hM|L?c |L| 4TLt?} |i i t|i?Ui
Lu |i tiUL?_ 4L4i?| Lu |i "| i` _tUtt 4T*U@|L?t uLh )TihML*U@**)
_iU@)?} tTiUU@|L?t Lu |i  @?_ ThL_i @ t|hL?}ih hit*| uLh i TL?i?
|@**) _iU@)?} c U ?U*_it |i B+OERc ^ U@ti At t _ii*LTi_
? tiU|L? 2
, T*L|?} |i i** !?L? *?i@h +E6cR E| 6 ' 6@%dRc ^o hiT
hiti?|@|L? Lu B+OERc ^c ?|hL_Ui_ M) L**iht*i EbHSc |i @|LUL@h
@?Ui u?U|L? E6 Lu |i t^@hit "2| U@? Mi hi@_*) tL? |L Mi ThLTLh|L?@*
|L |i 6 Lu @? +E6cR L?Ui |i ML?_i_ uLh| 4L4i?| UL?_|L?t
Lu |i "| @hi 4TLti_ Ai Uh|U@* @tTiU| t ThiUti*) U@*U*@|?} |t UL?t|@?|
Lu ThLTLh|L?@*|)c }i? M) .d52|  .E52| o2.Eje|  6Lh }i?ih@* B+OERc ^
|i tL*|L? @t Mii? hiUi?|*) }i? M) k@h@?@tLt Ebbb W? tiU|L?  i
ThLTLti @? @*|ih?@|i @) Lu i@*@|?} .Eje| c @*_ uLh +OE4 L|
|i U@ti Lu i TL?i?|@**) Ei} |i B+OERc ^ U@ti @?_ )TihML*U@**) _i
U@)?} ULiUi?|t  @hi @UUL?|i_ uLh iUitt@h) @?_ tUi?| UL?_|L?t
uLh i@! t|@|L?@h|) Lu |i *ii*t "| @?_ |i t^@hit "
2
| @hi ThL_i_ 6?@**)c
i _tUtt |i 4T*U@|L?t Lu |i UL@h@?Ui t|@|L?@h|) UL?_|L?t L? |i
4i4Lh) Lu |i t^@hit W| uL**Lt |@| UL@h@?Ui t|@|L?@h|) Lu |i "| h*it
L| |i TLttM*|) Lu *L?} 4i4Lh) ? |i "2| 
Ai ThLLut uLh |i hit*|t Lu ML| tiU|L?t @hi hiTLh|i_ ? |i TTi?_ 
2 5|hU| t|@|L?@h|) Lu +OE4
6Lh +OE4c | t i** !?L? |@| j2| @_4|t |i uL**L?} hiThiti?|@|L?c
hi@_*) LM|@?i_ M) t?} E @?_ Ee hiUhti*) EUu Bh@|tc kL!Lt3!@c @?_
wiTt EbbHc
j
2
| ' 
"[
,'f
,E|c @rc ES
| fE| G'  @?_
,E| G'
"[
 cc,'
,5
2
|3
5
2
|333,
c ,   E.

L|i |@| i@U,E| ' ,E5|3c 5|32c  E,  c i i@U,E| t @ u?U|L?
Lu @** |i *@}}i_ @*it Lu 5|
OLiihc j2| @_4|t L|ih ?L?*?i@h 4L?} @ih@}i< hiThiti?|@|L?tc ?
UL?|h@t| |L *?i@h ThLUittit i*tL? Ebbfc L uLUti_ L? B+OEc c
UL?t_ihi_ |i uL**L?}
j
2
| ' /
"[
&'f
&E|c @rc EH
|
&E| G'
&\
'
Eq n k5
2
|3c &  fc Eb
|
TK
'@ S '  i? @ : K uLh @?) ti^i?Ui iSj W? UL?|h@t| |L |i ,E|c
?L|i |@| &E| ' &E5|3c c 5|3& E&  c i i@U &E| t @ u?U|L? Lu
@| 4Lt| |i &| *@}}i_ @*i Lu |i hitU@*i_ ??L@|L?
Ai i^@*i?| hiThiti?|@|L? Lu |i +OE4 t }i? ? |i uL**L?}
hit*|c }i?ih@*3?} EHEb
AiLhi4  6Lh +OE4 Eec }i? S"'  	4c
j
2
| ' /
"[
&'f
&E|c @rc Ef
ti||?} / G' *E
S
"
'  @?_
&E| G' E
&nn
&[
,'
3C&3,n[
'
&3,n23[
2'

&333,3[
,'
2,&33,n5
2
|3
5
2
|333,
4Dc &  fc
ihi
SK
'@ S ' f i? @ : K uLh @?) ti^i?Ui iSj
L|i |@|c i^@*i?|*)c i?  : fc L?i UL*_ ti| fE| G' c / G'
*E
S
"
'  @?_ __i i@U &E| E&   ? E M)  At t |i
T@h@4i|ih3@|L? ti_ ? Eb uLh B+OEc
e
, T@?_?} E uLh & ' fcc 2c c  )i*_t
fE| ' c
E| ' 2 n 
2
5
2
|3c
2E| '  n 2E5
2
|3 n 5
2
|32 n 

5
2
|35
2
|32c
E| ' e n E5
2
|3 n 
2
25
2
|32 n 5
2
|3
n22E5
2
|35
2
|32 n 5
2
|35
2
|3 n 5
2
|325
2
|3 n 
e
5
2
|35
2
|325
2
|3c
eE| ' D n 
544?} T |ih4t @UhLtt |i &E| ?L*?}c ? |h?c ?L 5
2
|3c |i t?}*it
5
2
|3c |i ULT*it 5
2
|35
2
|3 E 9'c @?_ tL uLh|c @?_ __?} M)
S
"
' c )i*_tc
hitTiU|i*)c |i fE|c E|c 2E|c  @t ? E. ?*) uLh +OER |i
|L hiThiti?|@|L?t ES @?_ E UL?U_it @tc ? |t U@tic  ' f uLh  : R
)i*_?} ,E| ' ,E| E,  
Nt?} |i t|@M*i ?L?*?i@h 4L?} @ih@}i< hiThiti?|@|L? ThLi |L Mi
UhU@* i? *LL!?} @| |i ThLM@M*t|U ThLTih|it Lu |i +OE4c @t
tL? M) i*tL? Ebbf | hitTiU| |L |i B+OEc  U@ti Nt?} E
i ?L it|@M*t UL?_|L?t U 4T*) t|hU| t|@|L?@h|) @?_ ih}L_U|) Lu
+OE4
tt4i |@|  G' .E,?52|  t i** _i?i_ Eii?|@**) ?ML?_i_ 5i|
b G'
+

2
c  	 fc
EnB
2
c   fc E2
uLh @? @hM|h@h) UL?t|@?| B : f
AiLhi4 2 wi| f 	  	4 @?_ & : f uLh @| *i@t| L?i &   Wu
e
b
"[
'
 	 c E
|i? uLh |i +OE4 4L_i* Eec uLh @?) |c
  j2| 	4 @rc
@?_ j2| t t|hU|*) t|@|L?@h) @?_ ih}L_Uc | @ i**_i?i_ ?L?_i}i?ih@|i
ThLM@M*|) 4i@thi L? dc4
D
+i4@h! 2 N?*!i B+OERc ^c @ 4*|@h@|i @h!L@? hiThiti?|@|L?
Lu +OE4 _Lit ?L| @*@)t i t| @?_ |t L?i U@??L| hi*) L? | |L it|@M
*t t|hU| t|@|L?@h|) W?_ii_c Lh hit*| @**Lt uLh )TihML*U@**) _iU@)?}
ULiUi?|t tU @t   S 3B i?  $4 | f 	 Sc EB   	4c ihi
@E%  KE% @t %$ %f 4i@?t |@| @E%*KE%$ 
6Lh ?t|@?Uic i? |i  @hi ULti? |L Mi |i +E4 ULiUi?|t Lu
+6WERc _c ^c |i?
S
"
'  '  @?_ |t @ tUi?| UL?_|L? uLh E
L*_ Mi |i t|@?_@h_ ?Lh4@*3@|L? .E52|  ' c @t |t 4T*it b 	 f L|i
|@|c hi*)?} L? |t T@h@4i|ih3@|L?c .E52|  '  t h*i_ L| M) |i B
h@|tc kL!Lt3!@c @?_ wiTt EbbH UL?_|L? ED W?_ii_c | t tL? Mi*L
EUu AiLhi4 e |@| ED i Thittit |i ?iUitt@h) @?_ tUi?| UL?_|L? uLh
UL@h@?Ui t|@|L?@h|) Lu |i "|c 4U t|hL?}ih |@? E
+i4@h! 22 L?_|L? E t @ tUi?| UL?_|L? uLh t|hU| t|@|L?@h|)
Lu +OE4 @*|L} i UL?iU|hi |L Mi ih) U*Lti |L |i ?iUitt@h) L?i
6Lh ?t|@?Uic uLh B+OEc c E t
q n ke
b
	 c
t*}|*) t|hL?}ih |@? Ec )i| t|** @**L?} k n q :  i? .E5
2
|  ' 
+i4@h! 2 `i?  ' fc Bh@|tc kL!Lt3!@c @?_ wiTt EbbH tL |@|
j
2
| ' f @t t |i ?^i tL*|L? Lu Ee
+i4@h! 2e W? @?@*L}) | |i @t)4T|L|U hit*|t LM|@?i_ hi*@|i*) |L
|i B@tt@? w, Lu B+OEc  Ew4t_@?i bbS Ewii @?_ O@?ti?
bbec UL?_|L? E @TTi@ht @t |i 4?4@* hi}*@h|) UL?_|L? hi^hi_ ?
Lh_ih |L it|@M*t |i @t)4T|L|U _t|hM|L? |iLh) Lu |i B@tt@? w,
Lu +OE4 uLh tL4i ?|i_4i?tL?@* T@h@4i|ih3@|L? Lu |i  ' E1
ihi 1 t @ R  iU|Lh At t |i |LTU Lu uLh|UL4?} hiti@hU
6Lh i TL?i?|@**) _iU@)?} c @t i} uLh B+OERc ^c i?  
4
3 E   uLh tL4i UL?t|@?|t f 	  	4c f 	 4 	 c E MiUL4it
4neb 	  Ee
OLiihc i U@? i T*L| |i tTiU@* t|hU|hi Lu i TL?i?|@**) _iU@)?} 
@?_ LM|@? i@!ih t|hU| t|@|L?@h|) UL?_|L?t |@? Ee @t uL**Lt
S
AiLhi4  wi| f 	  	4 @?_   43 E   uLh tL4i f 	 k   	
4c f 	 4 	  |   k43 @t  $4 Wu
4neb 	 2c ED
@?_
.d,?E4n k52| o 	 fc ES
|i? uLh |i +OE4 4L_i* Eec uLh @?) |c
  j2| 	4 @rc
@?_ j2| t t|hU|*) t|@|L?@h) @?_ ih}L_Uc | @ i**_i?i_ ?L?_i}i?ih@|i
ThLM@M*|) 4i@thi L? dc4
+i4@h!  N?*!i |i U@ti Lu i TL?i?|@**) _iU@)?} ULiUi?|t Lu AiL
hi4 c u** !?L*i_}i Lu |i  uLh |i )TihML*U@**) _iU@)?} U@tic tU @t
i}  ' S
3B
c f 	 Sc EB   	4 E  c Lh |i @|Lhi}hitti ULiUi?|t
Lu +6WERc _c ^c _Lit ?L| i*T ? ?_?} i@!ih UL?_|L?t |@? E
+i4@h! 2 W? |i B+OEc  U@tic ihi  ' kc | uL**Lt |@| ED t
hi_?_@?|c ? @}hii4i?| | i*tL? Ebbfc AiLhi4 2
wi| t uLUt L? |i B+OERc ^ U@ti EUu E2 5i||?}
qEu G' qu n n qRu
R
c
u Mi?} |i *@} LTih@|Lh Eu5| ' 5|3c i @tt4i |@| uLh UL4T*i @*i_ 5
m  qE5 m9' fc m5m c E.
i |i R hLL|t Lu m qE5 m' f @** *i L|t_i |i ?| UhU*i ? |i UL4T*i 
T*@?i L|i |@|c @*|L} E. 4T*it
qE 	 c
| t ?L| |i UL@h@?Ui t|@|L?@h|) UL?_|L? Lu |i "|c }i? ?t|i@_ M) EUu
L**iht*i EbHS
.E52| kE n qE 	 c EH
.
| kEu G' ku n n k^u
^ Lhi 4TLh|@?|*)c ?L|i |@| E. t 4T*i_
M) i*tL? Ebbf<t UL?_|L? E uLh L|ihtic u q  c
.d,?Eq n k5
2
| o  ,?q  fc
? UL?|h@t| |L E
tt4i |@| |i hLL|t @hi @** _t|?U|c hi@* @?_ _t|?U| uhL4 |i hLL|t
Lu kEu ' f Ai TLttM*|) Lu UL4T*i hLL|t t |}|*) *?!i_ |L |i ?L?
?i}@||) UL?t|h@?|t L? |i ULiUi?|t ? |i +OE4 hiThiti?|@|L?
Lu B+OERc ^ i*tL? @?_ @L Ebb2c AiLhi4 2 tL |@| uLh |i
B+OE2c ^ U@tic UL4T*i hLL|t @hi ?L| @**Li_ @*|L} |i UL?_|L?t
q  fc q2  fc k  f E ' c c ^ U@? Mi tMt|@?|@**) hi*@ i_ OLiihc
uLh }i?ih@* @*it Lu R | t ?U*i@h i|ih LtU**@|Lh) Mi@Lht ? |i
c ?_Ui_ M) UL4T*i hLL|tc @hi @*@)t h*i_ L| M) |i ?L??i}@||)
UL?t|h@?|t
) t|@?_@h_ @h}4i?|t L?i LM|@?t
kEu
  qEu ' kEu
#

 4u
n n
R
 4Ru
$
c
ihi 4 E ' c c R _i?i |i ?ihti Lu |i hLL|t Lu m qE5m' f @?_
 G'

E 4*4E  43*4E  4n*4E 4R*4
c  ' c c Rc
ihi R '  '  uLh R '  W| uL**Lt |@| |i +OE4 Ee hiThiti?|@
|L? Lu B+OERc ^ t hi@_*) LM|@?i_ ti||?}
 '
+
k>3 n n k>fc  ' c c ^c
k>3 n n k^>3^c  : ^
Eb
 ' /*E q   qRc
| > G'  E4
 n n R E4R

c   f wi| 4 G' 6@%i4c 42c c 4Rjc E4
|i ULhhitTL?_?}  @?_ ti|  G' Ek n  n k^
SR
' m m 6?@**) ti|
k G' Ek n k24
3 n n k^4
3^E4c )i*_?}   k43 @t  $4
Oi?Uic | |iti _i?|L?t uLhc k @?_ 4c AiLhi4  }i?ih@*3it i*tL?
Ebbfc AiLhi4 2 |L |i B+OERc ^ U@ti
H
 i`@! t|@|L?@h|) @?_ 4i4Lh) Lu +OE4
Ai 4?4@* UL?_|L? uLh UL@h@?Ui t|@|L?@h|) Lu |i "| E@?_ |t Lu |i
"
2
| c t U*i@h*) V G' .E5
2
|  	 4c M) E 6L**L?} +LM?tL? Ebbc L
UL?t_ihi_ U@ti V ' c ti||?} Eu G'  VS"' uc i U@? hih|i Ee
@t
Eu"2| ' V n D|c E2f
ti||?} D| G' "
2
|  Vj2|  ) E @?_ _?itt Lu |i 5|c .ED| m I|3 ' fc
ihi I| t |i ji*_ Lu ii?|t ?_Ui_ M) |i "r Er  |( tii wL
ii Eb.Hc
tiU|L? 2.2c , |i?tL? uLh |i _i?|L? Lu UL?_|L?@* i TiU|@|L?t i?
|i ULhhitTL?_?} ?UL?_|L?@* i TiU|@|L?t 4}| ?L| i t|
tt4i |@|c uLh UL4T*i i_ @*i_ 5c
< BE5 '
"[
'f
B5
 G' 3E5c Bf ' c t|
"[
'f
B
2
 	4 E2
 tUi?| UL?_|L? uLh E2 t
mE5m9' fc m5m c
4T*)?} E : f M| i @?| |L @**L uLh |i TLttM*|) |@| E ' f
Bi? E2c E2f U@? Mi hih||i? @t
"
2
| ' VBE n
"[
'f
BD|3  E22
Aiti t4T*i 4@?T*@|L?t t}}it| |@| c V 	4 @?_ VS"'  	  4T*)
UL@h@?Ui t|@|L?@h|) Lu |i "| W?_ii_c | |h?t L| |@| |iti @hi |i
?iUitt@h) @?_ tUi?| UL?_|L?t uLh .E"2|  	 4 At t _ii*LTi_ ? |i
uL**L?} |iLhi4 ihi |i ?iUitt@h) @?_ tUi?| UL?_|L?t uLh UL@h@?Ui
t|@|L?@h|) Lu |i t^@hit "2| @hi @*tL it|@M*ti_
b
AiLhi4 e tt4i |@| |i UL?_|L?t Lu AiLhi4 2 @?_ E2 L*_
E iUitt@h) @?_ tUi?| UL?_|L?t uLh .Ej2|  	4 @hi
 	4c E2
V 	4c E2e
V
"[
'
 	  E2D
N?_ih |iti UL?_|L?t
 G' .E"2|  ' V*E  V
"[
'
 	4
E iUitt@h) @?_ tUi?| UL?_|L?t uLh .Eje|  	4 @hi
 	4c E2S
w G' .E52|  V2 	4c E2.#
w
"[
'3"
BE E
$
	 c E2H
ti||?} f ' fc & ' & E&  c @?_ SE G'
S
"
&'f S&S&nc  ' fc	c c
uLh @?) t^@hi ?|i}h@M*i ti^i?Ui S
N?_ih |iti UL?_|L?t |i "2| @hi UL@h@?Ui t|@|L?@h) | 6
SJE"2| c "
2
|n ' .ED
2
| BEc  ' fc	c c
ihi
.ED2|  ' w E*V
2
#
 w
"[
'3"
BE E
$
3
	4
+i4@h! e Ai 6 Lu B+OERc ^ uL**Lt ti||?}
 ' V/*E  VkE qEc
_ih?} |i  E @?_ |i BEc @?_ |t .ED
2
| c t?} |i  uhL4 Eb
@?_ _ih?} |i B uhL4 E2c hitTiU|i*) 6Lh i @4T*ic uLh B+OEc c
f
ti||?} V '  @?_ Z G' knqc i |i Tihtt|i?Ui< T@h@4i|ihc L?i LM|@?t
BEf '  n
k
2

 Z2
c BE ' kZ
3

#
 n
kZ
  Z2
$
c
 Ef '
k
2

 q2
c  E '
k
2
q


  q2
c  ' 	c 
`i? w ' 2c M) 4i@?t Lu t4T*i 4@?T*@|L?tc E2H )i*_t |i i**!?L?
UL@h@?Ui t|@|L?@h|) UL?_|L?t uLh "2| EUu L**iht*i EbHSc tiU|L? 
k2 n q
2
 n 2kq 	 c E2b
Uc ? |h?c 4T*it E2D EUu EH W? hi4@h! ee Mi*Lc i tL |@|c
?_ii_c E2H t|hU|*) 4T*it E2D |L| tTiUu)?} @?) T@h|U*@h T@h@4i
|ih3@|L? Lu |i 
+i4@h! e2 ? @*|ih?@|i ThLLu Lu tUi?U) Lu E2E2D uLh .Ej2|  	4
t ? Bh@|tc kL!Lt3!@c @?_ wiTt EbbHc AiLhi4 2
`i?
E.E5e| 
*2
"[
'
 	 c Ef
Bh@|tc kL!Lt3!@c @?_ wiTt EbbHc AiLhi4 2 tL |@| .Eje|  	 4
OLiihc Ef t 4U t|hL?}ih |@? E2H 6Lh ?t|@?Uic uLh B+OEc 
| w ' 2V ' 2c |ih UL?_|L? MiUL4it
*2k n q 	 c
t|hU|*) 4T*)?} E2bc ?*itt q ' fc |i +OE
+i4@h! e O)TihML*U@**) _iU@)?} tTiUU@|L?t Lu |i  @?_ i?Ui Lu
|i B @hi @**Li_ uLh L|i |@| uhL4 E2Dc V 	 *E
S
"
'  @?_ |t V ' 
t h*i_ L| i?
S
"
'  ' 
W4TLt?} V ' c @ ULUi UL4T@|M*i | UL@h@?Ui t|@|L?@h) *ii*t t
LM|@?i_ t?} |i @|Lhi}hitti ULiUi?|t Lu t|@|L?@h) +6WERc _c ^
EUu +LM?tL? @?_ ~@g@hL? Ebb.c tiU|L?  @t uL**Lt 5i|
 
"[
'
7u
 G' E u_@Eu
KEu
c E

ihi f 	 _ 	 *2c @Euc KEu @hi ?|i Lh_ih TL*)?L4@*tc @** Lu Lti
hLL|t @hi L|t_i |i ?| UhU*i ? |i UL4T*i T*@?i tt4?} |@| |i ?L?
?i}@||) UL?t|h@?|t L? |i ULiUi?|t L*_c i 7  fc ti|  ' 7 E  2
@?_  ' 7" uLh tL4i }i? f 	 " 	  Ei} " ' b*f L?_|L? E2H
t 4Lhi ?L*i_ M|c @}@?c M) @ t|@M*i 4L_U@|L? Lu |i ht| u Et@)
ULiUi?|t 7 E ' c c uc @ ui@tM*i ti^i?Ui Lu ULiUi?|t U@? Mi LM|@?i_
uhL4 E
+i4@h! ee ? @*|ih?@|ic uhi^i?U) _L4@?c U@h@U|ih3@|L? Lu E2H t
w
] Z
3Z
sBEbsEb_b 	 2Zc E2
ti||?}
sBEb G'mBEebm2c sEb G' E*V2 m  Eebm2c Z  b 	 Zc
ihi V2 sEb '  n s
3
B Eb  2 -eEB3Eebc Z  b 	 Z @?_ -eE
?_U@|it hi@* T@h| Lu |t @h}4i?| At uhi^i?U) _L4@? tTiUU@|L?
tii4t 4U i@tih |L Mi UL4T|i_ @?_ 4}| Mi hi*i@?| i? 4TLt?}
UL@h@?Ui t|@|L?@h|) Lu |i "2| ? Th@U|U@* it|4@|L?c i} i? it|4@|?}
+OE4 t?} |i `||*i it|4@|Lh EBh@|t @?_ +LM?tL? bbH
Ai i^@*i?| E2 hiThiti?|@|L? Lu E2H UL*_ Mi ti_ |L tL |@|
E2H t|hU|*) 4T*it E2D W? u@U|c ti||?} w ' 2V ' 2 uLh t4T*U|)<t t@!ic
E2 U@? Mi hih||i? @t

2Z
] Z
3Z
sBEb

 2 -eEB3Eeb

_b 	 *2
OLiihc sBEb  f EZ  b 	 Z M| | t @hM|h@h)c hi^h?} ?iUitt@h*)
 2 -eEB3Eeb '  n 2
"[
'
SJrEb 	 fc Z  b 	 Z
Bi? |i ?L??i}@||) Lu |i  @?_ SJrEb  c | |i i^@*|)
@Uii_ uLh b ' f E6J_ 2Zc |t t i^@*i?| |L
 n 2
"[
'
 	 fc
2
t|hU|*) 4T*)?} E : f
6?@**)c i T*L|?} |i hi*@|L? Mi|ii? |i  E   @?_ |i B E  f
EUu E2c E2 @**Lt |L i Thitt |i |4i _L4@? U@h@U|ih3@|L? E2H 4Lhi
t4T*) @t
2V
"[
'
BE 	 V
2
*w n BEf 
+i4@h! eD Ai Lh}?@* uLh4*@|L? Lu +OE4c @?@*L}Lt |L +LM?tL?
Ebb M| @**L?} V 9' c t
j
2
| '  n
"[
&'
&E"
2
|3&  Vc @rc E
uLh tL4i f 	  	4 Ai hiT@h@4i|ih3@|L? E t U*i@h*) Tih4||i_ L?*)
uLh UL@h@?Ui t|@|L?@h) "|c i i? E : fc }i? |@|  ' *E
W?_ii_c @tt4i |L t|@h| _hiU|*) uhL4 E h@|ih |@? uhL4 Ee ) |i ?L?
?i}@||) UL?t|h@?| V
S
"
'    @t E 	 f t ?L| @**Li_ W4TLt?}
E ' f @?_ @tt4?} E2c |i *?i@h 4L?} @ih@}i hiThiti?|@|L? E22
uLh |i "2| L*_ |i? Mi
"
2
| ' l n
"[
'f
BD|3 c
uLh @?) lc }i? |@| Eu"2| ' Eu"
2
|  El ' EuE"2|  lc U t
4i@??}*itt
Bh@|tc kL!Lt3!@c @?_ wiTt EbbHc hLTLt|L?  tL |@| Ef
4T*it @MtL*|i t44@M*|) Lu |i 6 uLh |i "2| c h*?} L| *L?} 4i4
Lh) OLiihc UL?t_ih?} |@| Ef t t|hL?}ih |@? hi^hi_ ? Lh_ih |L
LM|@? UL@h@?Ui t|@|L?@h) "2| c | tii4t 4TLh|@?| |L @ttitt |i 4T@U| Lu
|i i@!ih UL?_|L? E2H L? |i 4i4Lh) Lu |i "2| 
W?t}|t U@? Mi LM|@?i_ M) *LL!?} @| |i *?i@h hiThiti?|@|L? E22 uLh
"
2
|  W? u@U|c | uL**Lt |@| |i 4i4Lh) Lu |i "
2
| t i Thitti_ M) |i @t)4T|L|U
Mi@Lh Lu |i B @t  $4 5hTht?}*)c | |h?t L| |@| ii? |i 4U
i@!ih UL@h@?Ui t|@|L?@h|) UL?_|L? E2D uLh |i *ii*t "| h*it L| *L?}

4i4Lh) ? |i "2|  W? u@U|c uhL4 E2 @?_ E2Dc
BE '
"[
'f
B ' *E V
"[
'
 	4
E2H i?thit |@| |i ?ULhhi*@|i_ D| @i ?|i @h@?Ui M| |i h@|i Lu _iU@)
Lu |i Bc 4TLti_ M) E2Dc t @*hi@_) ^U! i?L} |L 4T*) |ih @MtL*|i
t44@M*|) i` t44@h3i Lh hit*|t L? |i 4i4Lh) Lu |i "2| @t uL**Lt
AiLhi4 D tt4i |@| UL?_|L? E2D Lu AiLhi4 e L*_ Ai?
"[
'
B 	4c Ee
ihi
B, ' V, n
,[
r'2
V
r
,3rn[
'

,333r323[
r3'
 r3,333r3 c ,   ED
`i? |i  _iU@) |L@h_ 3ihL t*Lih |@? i TL?i?|@**)c 3 *l
 $ 4
@t $4 uLh @?) f 	 l 	 c Ee 4T*it |@|c @t $4c
BE   c ES
uLh tL4i f 	  	4
`i?   S3B @t  $ 4 uLh f 	 Sc B   	 4c @t i} uLh |i
+6WERc _c ^ T@h@4i|ih3@|L? _itUhMi_ ? hi4@h! ec .E"2|  	 4 4
T*it
BE   3Bc $4c E.
uLh tL4i f 	  	4 h*?} L| *L?} 4i4Lh) ? |i "2| 
N?_ih |i t@4i @tt4T|L?t L? |i @t)4T|L|U Mi@Lh Lu |i c |i
i @U| h@|i ? E. @t @*tL LM|@?i_ ? Bh@|tc kL!Lt3!@c @?_ wiTt EbbHc
hLTLt|L? 2c @*|L} |i) 4TLti Efc @ tUi?| UL?_|L? uLh .E"e|  	
4 OLiihc AiLhi4 D 4@!it U*i@h |@| ihi@t |i ML?_i_ tiUL?_
4L4i?| UL?_|L?t 4T@h| |i _i}hii Lu 4i4Lh) Lu |i "2| c |i t|hL?}ih
ML?_i_ uLh| 4L4i?| ?iUitt@h) @?_ tUi?| UL?_|L?t E2SE2H i?thi
|@| |i 4@h|?}@*i _gihi?Ui ti^i?Ui D|c 3 |i ??L@|L?t ? |i *?i@h
e
hiThiti?|@|L? Lu |i t^@hit E22c @hi t^@hi ?|i}h@M*ic M| _L ?L| U@?}i
|i 4i4Lh) 4T*U@|L?t Lu |i 4L_i* At _LM*i hL*i Lu |i ULiUi?|t t
t4T*) @ M)ThL_U| Lu |i +OE4 ?L?*?i@h|)
W? |i U@ti Lu i TL?i?|@**) _iU@)?} c i i? | _Lit i t| @ f 	 l 	
 tU |@| *l
 $ S @t $4 uLh tL4i f 	 S 	4c | U*i@h*) uL**Lt |@|
BE   Bc $4c
uLh tL4i f 	 B 	 c f 	  	4c i} |i B+OERc ^ U@ti
D
 TTi?_ 
+6 6 AO,+, G +iT@h@4i|ih3i |i ULiUi?|t
 ' Sw3c   c EH
uLh tL4i UL?t|@?| f 	 S 	 4c U t @MtL*|i*) ??LULt *i@h*)S
"
&'f w& 	4 M) @tt4T|L? Ai?c i T@?_?} fE|c E|c 2E|c  )i*_t
fE| ' c
E| ' Swf5
2
|3 n Sw5
2
|32 n Sw25
2
|3 n 
2E| ' S
2
w
2
f5
2
|35
2
|32 n S
2
wfwE5
2
|35
2
|3 n 5
2
|325
2
|3
nS2w25
2
|325
2
|3e n S
2
wfw2E5
2
|35
2
|3e n 5
2
|35
2
|3e n 
E| ' S

w

f5
2
|35
2
|325
2
|3 n 
hi4*|T*)?} i@U ,E| E,  f M) S
S
"
&'f w&c i T@?_?} |ih4t @?_ }hLT
?} |L}i|ih @** |ih4t tU |@| |ih ULiUi?|t Sonwwo Eo  fc c c o 
f t@|tu)
o n  n n o ' &c & ' fc c  Eb
@?_ _i??} |i4 @t &E|c )i*_t
fE| ' Swfc
E| ' Sw n S
2
w
2
f5
2
|3c
2E| ' Sw2 nnS
2
wfw5
2
|3 n S
2
wwf5
2
|32 n S

w

f5
2
|35
2
|32c
 '

&E| ' Sw& n S
2Ewfw&35
2
|3 n ww&325
2
|32 n n w&3wf5
2
|3&
nn S&nw&f5
2
|35
2
|32    52|3&c
 '

5Mt|||?} M@U! |i Sw3 ? |ih4t Lu |i  @?_ ti||?} / ' *E
S
"
' 
UL?U*_it Ai hiT@h@4i|ih3@|L? EH t ti_ @t @ _iUi ? |@| | @**Lt
|L _i?|u)c |? i@U t44@?_c |i ?4Mih Lu u@U|Lht 52| @?_c @t @ UL?
ti^i?Uic |L U@h@U|ih3i @** |i i*i4i?|t ULhhitTL?_?} |L i@U &E| 6Lh
?t|@?Uic | hitTiU| |L E|c ML| Sw @?_ S
2
w
2
f t@|tu) Eb uLh & ' c uLh
2E|c Sw2c S
2
wfwc S
2
wwf @?_ S

w

f t@|tu) Eb uLh & ' 2 @?_ tL L?
S
L|i |@| |i L?*) UL?_|L? hi^hi_ uLh _ih?} |i ?L?*?i@h 4L?}
@ih@}i hiThiti?|@|L? E t
S
"
'  	4 
+6 6 AO,+, 2G A@!i @? @hM|h@h) UL?t|@?| ?|i}ih : f
|  	 & Ai?c uLh @?) &  c tT*| |i +O5 Lu E @t
&E| '
d&* o[
,'f
&3,n[
'

&333,3[
,'
,E| n
&[
,'d&* on
&3,n[
'

&333,3[
,'
,E|c Eef
ihi do t |i ?|i}ih T@h| Lu |t @h}4i?| @?_
,E| G' 2 ,&33,n 5
2
|3
5
2
|333,
 Ee
wi| t _tTLti Lu |i ht| t4 L? |i +O5 Lu Eef t ,  d&* oc L?i LM|@?t
d&* o[
,'f
&3,n[
'

&333,3[
,'
,E|
'
d&*o[
,'f
;?=
3C [
'
n
&3,n[
'n
4D 
3C [
,'
n
&333,3[
,'n
4D,E|
<@> Ee2
Ai |ih4 ? |i i jMh@U!i|t L? |i +O5 Lu Ee2 t 4@_i M) |i t4 Lu |hii
|ih4t ?i ?L*?} |i t4t
S
'
E ' c c , L?*)G
d&* o[
,'f
;?=
[
'

[
,'
2,&33,n 5
2
|3
5
2
|333,
<@>  Ee
?i ?L*?} |i t4t
S&3,n3333nE3
'n
E ' c c , L?*)G
d&*o[
,'f
 Eee;?=
&3,n[
'n

&333,3[
,'n
2,&33,n 5
2
|3
5
2
|333,
<@> 
@?_ |i 4 i_< |ih4
d&*o[
,'f
,3[
r'
j[
,cr
;A?A=
&3,n3333[
'n

&3,n,3r333,3r3[
,3r'n
[
o'

[
or'

2 ,&33,n 5
2
|3
5
2
|332
5
2
|333,
r
c EeD
.
ihi iS,cr G' S toccorcatcc,c
toccortcc,3r'tcc,
c i | ti*iU|t @** |i }hLTt Lu ?_i it
Lu _4i?tL? r E| r ' c c , _h@? uhL4 @ ?4Mih , Lu |i4 @?_ |t
uLh @?) r @?_ @?) Tih4|@|L?  n n ,3r n o n n or '  n n ,
L|i |@| iS,cr  ' ,r
) #_*i) EbHbc AiLhi4 HDc | ThLM@M*|) L?i |ihi i t|t @
UL?t|@?| g 	4 tU |@| uLh @** & : g
&\
'
5
2
|3 ' Ee
b&c @r EeS
W4TLt?} . m ,? 52| m2n"	 4 uLh tL4i @hM|h@h) " : fc M) |i *@ Lu |ih@|i_
*L}@h|4 uLh _ @h@|it Etii i} 5|L| Eb.ec LhL**@h) D2 L?i
U@? hi?i U@ti  ' f ? EeS ti||?} B ' BE& ' db*2>E,? ,? > &*&o*2 EUu
_i?|L? Lu b ? E2 | > G' .E,? 52| 
2
6Lh Eec uLh tL4i f 	 l 	 c h|?}
Sd&*o
,'f '
Sdl &*o3
,'f n
Sd&* o
dl &*oc
)i*_tc uLh l t|@M*) t4@**c
Ee ' 
3C& "[
,'f
Eeb
[
'

, n
d&*o[
,'dl &*o
Eeb
[
'

,
4D
' 
3C& n Eeb [
'

l &*
4D c @r
L?Uih??} Eeec @*L?} |i t@4i *?itc
Eee '
3C& "[
,'f
Eeb
"[
'n

, n
d&*o[
,'dl &*o
Eeb
"[
'n

,
4D
' 
3C& n Eeb "[
'n

l &*
4D c @r
6Lh |i 4 i_< |ih4c
EeD ' 
3C& n d&*o[
,'dl &*o
e
b ,
,[
r'
#
,
r
$
E
"[
'n

rE
[
'

,3r
4D
' 
3C& n Eeb "[
'

l &*
4D c @r
H
6?@**)c uLh |i tiUL?_ |ih4 L? |i +O5 Lu Eefc
&[
,'d&*on
&3,n[
'

&333,3[
,'
,E| 
&[
,'d&*on
Eeb
"[
'

,
' 
3CEeb "[
'

&*
4D c @r
5|hU| t|@|L?@h|)c ih}L_U|) @?_ ?L?_i}i?ih@|i?itt Lu |i _t|hM|L? Lu
|i j2| uL**L @*L?} |i *?it Lu i*tL? Ebbfc ThLLu Lu AiLhi4 2 
+6 6 AO,+, G 6L**L?} AiLhi4 2c |@!i @? @hM|h@h) UL?
t|@?| ?|i}ih  : f |  	 & @?_ tT*| |i +O5 Lu E @t
&E| 
d&*o[
,'f
&3,n[
'

&333,3[
,'
,E| n
&[
,'d&*on
&3,n[
'

&333,3[
,'
,E|c Ee.
| ,E| _i?i_ ? Ee Bi? ,  d&* oc i @i tii? |@| |i ht| t4
L? |i +O5 Lu Ee. U@? Mi h||i? @t |i t4 Lu |hii |ih4t EeEeD Ai
|ih4 ?L*?} |i t4t
S
'
E ' c c , L?*) t ML?_i_ M)

3Cd&*o[
,'f
E4&3,E eb ,
4D '  E4&d n EE43 ebd&* oo
' 

E4&

c @rc
t?} EeS @?_ ULLt?}  *@h}i i?L} tU |@|
4
 G' 4EE43 eb* 	 
5iUL?_c UL?Uih??} |i |ih4 ?L*?} |i t4t
S&3,n3333nE3
'n
E ' c c , L?*)c L?i LM|@?t

3C d&*o[
,'f
E4&3,
;?=
&3,n[
'n

&333,3[
,'n
Ek,52|35
2
|333,
<@>
4D
' 
3C &[
,'f
E4&3,Ek,
&3,n[
'

&333,3[
,'
5
2
|3
5
2
|333,
4D
' 
#
&\
'
E4n k52|3
$
' 

e%RE&*2.d,?E4 n k52| o

c @rc
b
@?_ k G' k n B uLh tL4i B : f | B ' JEc @hM|h@h*) t4@** M)
ULLt?}  *@h}i i?L}
6Lh |i 4 i_< |ih4c ?L*?} |i t4t
S
'
c
S&3,n3333nE3
'n
Ec  ' c c ,c t?} EeSc

3Cd&* o[
,'f
E4&3,
,3[
r'
E ebrEkeb,3r
#
,
r
$#
&  r
, r
$4D
' 
3Cd&* o[
,'f
E4&3,Ekeb,
#
&
,
$
28E,c,(&( *k
4D
' J
#
E4&dE n *k E43k ebod&*o
#
& n 
d&* o
$$
' J

&
*2E4&

c @rc
ihi 28Ec ( c  t |i E2c }i?ih@*3i_ )Tih}iL4i|hU tihit EBh@_t|i)?
@?_ +)3! bbec 5iU|L? b Ai hit*| uL**Lt t?} Bh@_t|i)? @?_
+)3! Ebbec r b2 )i*_?}
28E,c,(&(5 ' 2E n 5,
KE&
KE,KE& n ,28E,c& n ,( ( *E n 5c
ihi KE t |i B@44@ u?U|L?c t4T*u)?} |ih4tc ?L|?} |@| @t 5$4
28E,c& n ,( ( *E n 5 ' JE

&
,

c t?} Bh@_t|i)? @?_ +)3! Ebbec
r fDS @?_ 5|h*?}<t uLh4*@ EhLU!i** @?_ #@t bH.c T} D22 @?_
ULLt?}  *@h}i i?L} tU |@|
4
 G' 4

E n *k E43k eb
*
	 
tt4i   4neb Ai *@t| |ih4 L? |i +O5 Lu Ee. t ML?_i_ M)

3C &[
,'d&* on
E4&3,,n
&3,n[
'

&333,3[
,'
5
2
|3
5
2
|333,
4D
' 
#
E4&3d&*o Eebd&* o
#
&
d &

o
$
28Ec& n d
&

o(  n d
&

oceb*4
$
' E&*2S&c @rc
2f
uLh tL4i UL?t|@?| S ' SE4cebc | f 	 S 	 c t?} Bh@_t|i)? @?_
+)3! Ebbec r bS E tU |@|
28Ec& n d
&

o(  n d
&

oceb*4
' 43&nd&* o Eeb3d&*od
&

o
] eb
f
E%n 4&3d&* oEeb  %d&*o3_%c
ihi |i ?|i}h@* L? |i +O5 @MLi tES& M) tT*||?}
U eb
f '
U 343"
f n
Ueb
343"
uLh tL4i " : f | eb   	   4  " 	   4 @?_ ULLt?}  t|@M*)
`i? 4neb 	  |i hit*| uL**Lt |h@**) EUu Ee 
+6 6 AO,+, eG E tt4i |@| .Ej2|  	4 Ai? ?iUitt|)
Lu E2E2D uL**Lt |@!?} i TiU|@|L? L? ML| t_it Lu Ee ? |i L|ih
@?_c @tt4i |@| E2E2D L*_ Ai?c Thi4*|T*) ML| t_it Lu Ee M)
| G' E
W
"
'fij2|3 	 j uLh tL4i UL?t|@?|  	4 ihi E i^@*t L?i
i? |i ii?|  L*_t @?_ 3ihL L|ihti L|i |@| i? j2| t ML?_i_
uhL4 @MLic tL @hi @** |i j2|3& uLh &   5i||?}  E i^@* |L |i ThLM@
M*|) Lu |i ii?| c |@!?} i TiU|@|L?tc
.Ej2| |   Ej2| 	  *E V
"[
'
c
@tc t?} |i *@ Lu |ih@|i_ i TiU|@|L?tc
.Ej2|3&| ' .E Ej
2
| 	 c c j
2
|3&n 	  mj2|3&c |3&j2|3&  .Ej2|3&|3& ' .Ej2| |c
|i *@||ih i^@*|) L*_?} M) t|hU| t|@|L?@h|) 6?@**)c *i||?}  $ 4c
 Ej2| 	 $  M) AiLhi4 2
E tt4i |@| .Eje|  	4 Ai?c E2SE2H uL**L t^@h?} ML| |ih4t ?
Ee @?_ |@!?} i TiU|@|L?tc
.Eje|  ' E*V
2 n w.Eje| 
"[
 c2'
2
#
"[
'f
BBnE32
$
c
t?}
.dE"2|  E"2|n  o ' .ED2| 
"[
'f
BBnc  ' fc	c c
2
@t |i D| @hi t^@hi ?|i}h@M*i 4@h|?}@*i _gihi?Uit @?_
S
"
'f B
2
 	 4 M)
E2 5Ui?U) t LM|@?i_ uL**L?} |i ULhhitTL?_?} T@h| ? |i ThLLu Lu
E 
+6 6 AO,+, DG 6hL4
E n
"[
'
Bu
E V
"[
'
u
 ' c
M) |i u?_@4i?|@* |iLhi4 uLh TL*)?L4@*t @?_ t4T*i )i| |i_Lt U@*U*@
|L?tc ED uL**Lt ) @ |h?U@|?} @h}4i?|c t4*@h |L |i L?i ti_ ? |i
ThLLu Lu AiLhi4 2c | t|h@}|uLh@h_*) uL**Lt |@|c @t  $4c
B ' V n
#
EV
"[
'

l 
$
c EeH
uLh tL4i f 	 l  c hi_tULih?} |@| UL?_|L? E2D t ?ii_i_ uLh t44@M*
|) Lu |i B L|i |@|c i?   f E  c |i? ED 4T*it B  f E  f
Oi?Uic uLh @?)  : f @?_ tL4i f 	 S 	4c
BE '
[
'f
BBn n
"[
'n
BBn  S BE n JEc $4c
}i? |@|c uLh  *@h}i i?L}c
"[
'n
BBn  Bn?
"[
'n
B ' JEBc
uLh tL4i UL?t|@?|   ? 	4 6?@**)c UL4T@h?} EeH | ED @?_ }i?
V : fc   f E  c )i*_t
B&  S&c &$4

22
+iuihi?Uit
N,,jit,je C EbHSG RBi?ih@*3i_ @|Lhi}hitti UL?_|L?@* i|
ihLt!i_@t|U|)c aLh?@* Lu ,UL?L4i|hUtc c f22.
N}jiN,e e BAa  WBia Ebb2G R5|@|L?@h|) Lu B+O ThLUittit
@?_ Lu tL4i ?L??i}@|i |4i tihitc aLh?@* Lu ,UL?L4i|hUtc D2c D
2.
iNW"j,,e e BAa - $Bt EbH.G A4i tihitG |iLh) @?_ 4i|L_t
i vLh!G 5Th?}ih Vih*@}
$Bte -e C "NtWe BAa  BtiB" EbbbG R5@4T*i 6 Lu 4*
|@h@|i t|LU@t|U hiUhhi?Ui i^@|L?t | @TT*U@|L?t |L B+Oc
hiTh?|
$a,j+e - EbHbG +i@* @?@*)tt @?_ ThLM@M*|) @*uLh?@G @UU BhLi
.A},je - 8 EbH2G R|Lhi}hitti UL?_|L?@* i|ihLt!i_@t|U|) |
it|4@|it Lu |i @h@?Ui Lu |i N?|i_ k?}_L4c ,UL?L4i|hU@c Dfc bH.
ff.
DiB|te we  lN"Nt5"Be BAa - wjVt EbbHG R5|@|L?@h) +O
4L_i*tG _iTi?_i?Ui t|hU|hi @?_ Ui?|h@* *4| |iLhi4c uLh|UL4?}
,UL?L4i|hU AiLh)
DiB|te we BAa   -NOAtNA EbbHG Rwi@t| t^@hit E`||*i
it|4@|i ThLUi_hi uLh +O 4L_i*tc hiTh?|
DiBat|j+Ae Ye BAa Y -+5" EbbeG A@M*i Lu ?|i}h@*tc tihit @?_
ThL_U|t 5@? #i}LG U@_i4U hittc u| i_?
lBiBABtNte  EbbbG RAi tiUL?_ 4L4i?| @?_ |i @|LUL@h@?Ui u?U
|L? Lu |i t^@hi_ ihhLht Lu |i B+O4L_i*c aLh?@* Lu ,UL?L4i|hUtc
bfc S.S
wjje 7e BAa  QBAtjA EbbeG Rt)4T|L|U |iLh) uLh |i B+OEc
^@t4@ 44 *!i*LL_ it|4@|Lhc ,UL?L4i|hU AiLh)c fc 2bD2
wNjje  Eb.HG hLM@M*|) AiLh) WW i vLh!G 5Th?}ih Vih*@}c uLh|
i_?
2
wNij|BAe e BAa  ,,Vt EbbeG RAit|?} |i UL@h@?Ui t|@|L?@h
|) Lu i@)|@*i_ |4i tihitG @? Lihi Lu |i |iLh) | @TT*U@|L?t
|L tiih@* ?@?U@* ?t|h4i?|tc aLh?@* Lu ,4ThU@* 6?@?Uic c 2
2eH
w6taBAje - EbbSG RL?tt|i?U) @?_ @t)4T|L|U ?Lh4@*|) Lu |i
^@t4@ 44 *!i*LL_ it|4@|Lh ? WB+OEc @?_ UL@h@?Ui t|@
|L?@h) B+OEc 4L_i*tc ,UL?L4i|hU@c Se%c D.DDbS
j,tNAe $ EbbfG R5|@|L?@h|) @?_ Tihtt|i?Ui ? |i B+OEc
4L_i*c ,UL?L4i|hU AiLh)c Sc He
j,tNAe $e BAa  BN Ebb2G RW?i^@*|) UL?t|h@?|t ? |i ?@h@|i
B+O 4L_i*c aLh?@* Lu t?itt : ,UL?L4U 5|@|t|Utc fc 22b2D
-NOAtNAe   EbbG RAit|?} uLh t|hL?} tih@* ULhhi*@|L? @?_ _)
?@4U UL?_|L?@* i|ihLt!i_@t|U|) ? 4*|T*i hi}hittL?c aLh?@* Lu
,UL?L4i|hUtc e.c S.He
-NOAtNAe  e BAa  ~BuuBiNA Ebb.G RL_i**?} ?L?*?i@h|)
@?_ *L?} 4i4Lh) ? |4i tihitc ? L?*?i@h #)?@4Ut @?_ A4i 5ihitc
6i*_t W?t|||i L44?U@|L?tc L* c i_ M)  |*ihcdqg # k@T*@?c
TT S.f hL_i?UiG 4ihU@? @|i4@|U@* 5LUi|)
7|N|e b Eb.eG *4Lt| thi UL?ih}i?Ui i vLh!( wL?_L?G U@_i4U
hitt W?U
bjtte  EbHSG Rt)4T|L|U |iLh) uLh +O 4L_i*tG it|4@|L? @?_
|it|?}c ,UL?L4i|hU AiLh)c 2c f
w ~66+W
5ih3L 5|_
@?U@ _<W|@*@
V@ @3L?@*ic b
ffHe +L4@ W|@*)
|i* n b fS e.b2 e.H
1>qq>eJ=P>J'J7=pf[>=zfeKp=fppz
2e
